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Description

BACKGROUND

[0001] The invention described herein relates generally to OFDM wireless communications, and more particularly to
an OFDM transmitter that pre-compensates digital frequency-domain samples for transmission filter deviations from a
flat amplitude and/or group delay across the allocated spectrum.
[0002] Orthogonal Frequency Division Multiplexing (OFDM) is a digital multi-carrier modulation technique that uses a
plurality of closely-spaced orthogonal subcarrier frequencies to carry data. OFDM operates by dividing a spectrum of
transmission data into multiple narrowband sub-channels with a specific spacing termed "orthogonal spacing," where a
fraction of the total data rate specified for the transmission data is modulated onto each sub-channel with a conventional
modulation scheme (e.g., quadrature amplitude modulation). With OFDM, different subcarriers are allocated to different
mobile devices, which allows several mobile devices to share the available bandwidth. OFDM is deployed or planned
for a variety of wireless systems, including IEEE 802.16 (WiMAX), some IEEE 802.11a/g wireless LANs (Wi-Fi), IEEE
802.20 Mobile Broadband Wireless Access (MBWA), and the like.
[0003] A practical implementation of an OFDM transmitter presents data symbol values associated with different
subcarrier frequencies of a digital input data block, referred to herein as digital frequency-domain samples, to different
frequency-domain inputs of an Inverse Discrete Fourier Transform (IDFT) processor to generate a time-domain repre-
sentation of the desired transmission waveform, referred to herein as a modulated multi-frequency signal stream. The
modulated multi-frequency signal stream is converted to an analog stream of modulated symbols. After upconversion
and amplification, the resulting analog transmission signal is wirelessly transmitted to a remote device.
[0004] OFDM transmitters may be used in networks that employ frequency-scheduling algorithms to accommodate
other mobile devices in a spectrum underutilized by a first mobile device. When sharing a spectrum between multiple
mobile devices, it is important to minimize the leakage of transmitter energy into unallocated parts of the spectrum, so
that a first mobile device’s signal does not interfere with a second mobile device’s signal, even when the first mobile
device is much closer to a network station than the second mobile device.
[0005] Known techniques for minimizing energy leakage into unallocated parts of the available spectrum include
filtering the signals using digital and/or analog filters. Such filters, however, may also introduce group delay and/or
amplitude errors that lead to channel estimation errors at the receiver. For example, energy leakage into unallocated
parts of the spectrum is a function of the tails of the transmitted spectrum and the transmitter noise floor. One source of
spectral tails and noise floor is the quantizing noise and non-linearities of the digital-to-analog conversion process. Using
analog filters that are as sharp as practically possible for the allocated spectrum after digital-to-analog conversion may
minimize the noise. Unfortunately, sharp cut-off analog filters tend to exhibit group-delay distortion, whereby the phase
versus frequency curve is non-linear. The group delay distortion causes errors in the channel estimation process imple-
mented at the receiver. More particularly, OFDM receivers use pilot symbols having a known phase on selected OFDM
subcarriers to estimate the channel. If a transmission filter applies group-delay distortion to the transmitted pilot symbols,
the receiver channel estimation process produces a different result than would have been obtained with non-distorted
pilot symbols. One solution to the group-delay distortion problem is to use an analog filter having a flat group delay
across the allocated spectrum. However, analog filters designed for a flat group delay tend to have a non-flat amplitude
over the allocated OFDM spectrum, which causes similar channel estimation problems at the receiver.
[0006] Receiver channel estimate errors may cause errors in transmitter operations as well as receiver operations.
These errors occur when a transmitter uses channel estimates determined by a collocated receiver to estimate a future
transmission channel, e.g., in multiple-input, multiple-output (MIMO) systems. For example, when the uplink and downlink
signals use different frequencies, e.g., with Frequency Division Duplex (FDD) systems, other methods may be used to
provide the transmitter with knowledge of the transmission propagation channel before transmission. U.S. Patent No.
6,996,375 to applicant proposes one solution that loops back the received signal to the transmitter to enable the transmitter
to figure out what the propagation path was. Other methods known as "rich feedback" have also been proposed. Further,
U.S. Patent Application No. 12/478564 discloses another method, where the channel observed at the receiver at one
frequency is translated to the channel to be expected by the collocated transmitter at a different frequency. This method
involves determining the number and parameters of a large number of scatterers in the environment by analyzing the
received signal in the delay/Doppler domains. However, if the transmitted pilot symbols are distorted in phase and/or
amplitude, the solution in the ’564 application will give rise to phantom scatterers that are invalid for both the reception
and transmission channel. Even when the uplink and downlink signals use the same frequency, e.g., with Time Division
Duplex (TDD) or ping-pong systems, reciprocity issues may further prevent the receiver from providing useful channel
information to the transmitter for use on the same frequency. For example, a mobile device and a network station may
be manufactured by different manufacturers. Thus, the uplink path includes the effects of a first manufacturer’s trans-
mission filter response, while the downlink path includes the effects of a second manufacturer’s transmission filter
response. Unless the combination of the first manufacturer’s transmitter with the second manufacturer’s receiver exhibits
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the exact same amplitude/phase versus frequency characteristics as the second manufacturer’s transmitter combined
with the first manufacturer’s receiver, the channel will not be reciprocal.
[0007] The patent application US 2003/103578 A discloses an OFDM transmitter comprising a frequency domain
equalizer to compensate for distortions caused by time domain transmit filters is base band and RF.
[0008] Thus, there remains a need for an OFDM transmitter that addresses the group delay and/or amplitude errors
introduced by one or more transmission filters across an allocated frequency spectrum.

SUMMARY

[0009] The invention is defined in the independent claims. Particular embodiments are set-out in the dependent claims.
[0010] The present invention comprises a method and apparatus for reducing group delay and/or amplitude errors
caused by one or more transmission filters. To that end, the present invention characterizes the errors of the transmission
filters relative to a desired frequency response, in terms of an amplitude error vs. frequency response and a phase or
group delay error vs. frequency response. A flat amplitude error response represents a constant amplitude error, while
a linear phase error response represents a constant group delay. As used herein, a desired frequency response refers
to a flat amplitude error response and a flat group delay response across the allocated spectrum, where the group delay
is the derivative of the phase error response. Such a desired frequency response may be defined relative to a commu-
nication standard, or may be based on a predefined response agreed to by multiple base station manufacturers. Based
on the errors, the present invention pre-compensates the digital frequency domain samples used to generate the trans-
mission signal. In so doing, the present invention reduces the errors relative to the desired frequency response, e.g.,
group delay and/or amplitude errors, in the filtered transmission signal without placing limits on the specific filter designs.
In one embodiment, a wireless transceiver comprises a modulator, one or more filters, and a pre-compensation unit.
The modulator modulates the digital frequency domain samples in an allocated spectrum to generate a modulated multi-
frequency signal stream. The filters filter the modulated multi-frequency signal stream to suppress out-of-band spectral
components. The filters collectively have a frequency-domain response over the allocated spectrum comprising a first
maximum error relative to a desired frequency response. The pre-compensation unit pre-compensates one or more of
the digital frequency-domain samples such that a collective frequency-domain response of the pre-compensation unit
and the one or more filters comprises a second maximum error relative to the desired frequency response that is less
than the first maximum error. It will be appreciated that the pre-compensation of the present invention may be used to
pre-compensate for errors introduced by fixed, variable, analog, and/or digital filters operating at baseband and/or radio
frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Figure 1 shows a conventional OFDM transmitter.
Figures 2A and 2B show an exemplary analog filter response.
Figure 3 shows the phase error vs. linear frequency for the analog filter response of Figures 2A and 2B.
Figures 4A and 4B show another exemplary analog filter response.
Figure 5 shows an OFDM transmitter according to one exemplary embodiment of the present invention.
Figure 6 shows an exemplary pre-compensation unit for the OFDM transmitter of Figure 5.
Figure 7 shows an exemplary transceiver according to one embodiment of the present invention.
Figures 8A - 8D show exemplary OFDM signals.
Figure 9 shows an exemplary OFDM transmitter according to another exemplary embodiment of the present inven-
tion.
Figure 10 shows an exemplary pre-compensation unit and OFDM modulator for the OFDM transmitter of Figure 9.

DETAILED DESCRIPTION

[0012] The present invention reduces errors relative to a desired frequency response that are introduced to a trans-
mission signal by one or more transmission filters. The errors may include group delay errors and/or amplitude errors
across an allocated spectrum relative to a flat group delay and flat amplitude. As used herein, the term "group delay"
refers to a phase derivative, and the term "flat group delay" refers to a constant group delay across the allocated spectrum
resulting from a linear phase. Further, as used herein, the term "flat amplitude" refers to a constant amplitude across
the allocated spectrum. Similarly, the term "group delay error" refers to the departure of the group delay from the flat
group delay at any given frequency component in the allocated spectrum caused by phase nonlinearities, e.g., the
departure of the phase from linear phase, while the term "amplitude error" refers to the departure of the amplitude at
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any given frequency component in the allocated spectrum from the flat amplitude.
[0013] The present invention comprises a wireless transceiver that generates a filtered analog transmission signal
from digital frequency-domain samples in an allocated spectrum. The transceiver comprises one or more transmission
filters that collectively have a frequency response comprising a specific group delay and amplitude for each frequency
component in an allocated OFDM spectrum. A controller in the transceiver determines a difference between the group
delay and amplitude of the collective frequency response and a desired frequency response comprising a flat group
delay and flat amplitude, respectively. These differences represent the group delay errors and amplitude errors, respec-
tively, applied to the transmission signal by the transmission filters. A pre-compensation unit in the transceiver reduces
the group delay and amplitude errors by pre-compensating one or more of the digital frequency-domain samples based
on the group delay and amplitude errors for the corresponding frequency component(s). In so doing, the present invention
reduces the amplitude and group delay errors present in the transmission signal without limiting the transmission filter
design options. It will be appreciated that the pre-compensation unit of the present invention may reduce the group delay
and amplitude errors introduced into the transmission signal by both analog and digital transmission filters. Further, while
the following describes the present invention in terms of amplitude and group delay pre-compensation, it will be appre-
ciated that the present invention does not require pre-compensation of both the amplitude and group delay.
[0014] In OFDM systems, the departures of the transmitter phase or group delay versus frequency curve from linear
or flat, respectively, may not adversely impact the channel estimation process so long as the receiver knows the trans-
mission filter characteristics. When the receiver knows the transmission filter characteristics, the receiver can perform
the compensation. In such systems, the transmitter phase and/or amplitude response could be specified by a standard
applicable to all transmitters, and the receivers could assume that each transmitter met the standard. In this scenario,
the departure of the transmission filter characteristics from the specified standard is the important error that impacts
system performance. Therefore, an alternative definition of the error that the invention seeks to reduce is the an error
based on the departure of the phase/group delay and/or amplitude characteristics versus frequency from the specified
standard values of the transmission filters. To facilitate the detailed description of the present invention, Figure 1 first
shows a conventional OFDM transmitter 10 comprising an encoder 12, OFDM modulator 14, and filter 20. Encoder 12
encodes transmission data to produce an input data block of complex information-bearing frequency-domain samples,
Si(1), Si(2), ..., Si(8), which, for example, may comprise 16-QAM symbol values. Modulator 14 modulates the samples
in the input data block to generate a modulated multi-frequency signal stream. Modulator 14 comprises an inverse
discrete Fourier transform (IDFT) unit 16, a serializing unit 18, and a digital-to-analog converter 19. IDFT unit 16 transforms
the digital frequency-domain values of the input data block to generate a time waveform comprising a block of time-
domain samples Ti(1), Ti(2), .... Ti(8). Serializing unit 18 sequentially selects the IDFT output samples to convert the
IDFT output samples to a digital multi-frequency signal stream, and subsequently to produce the analog stream of
modulated symbols, referred to herein as an analog OFDM signal. Digital-to-analog converter 19 converts the digital
sample stream to the analog OFDM signal. Filter 20 filters the analog OFDM signal to produce a filtered signal comprising
complex symbols. The filtered signal is further upconverted, filtered, and amplified to generate the analog transmission
signal.
[0015] While not required, serializing unit 18 may repeat some of the first samples at the end to include a cyclic
prefix/postfix in the modulated symbol stream, as shown in Figure 1. Such cyclic prefixes/postfixes ensure that a whole
block of samples are received even if there is a small timing error not greater than the length of the cyclic prefix. As
such, a cyclic prefix and/or postfix renders OFDM transmissions relatively insensitive to time delay spread. The cyclic
prefix samples may be tapered smoothly to zero away from the main sample block in some implementations known as
pulse-shaped OFDM, which are more fully described in U.S. Patent Application Serial Nos. 12/126,576 and 12/045,157
to Applicant Dent.
[0016] The frequency response of filter 20 determines how well the out-of-band spectral components are suppressed.
Figures 2A and 2B show exemplary amplitude and phase frequency responses that result when filter 20 comprises an
8th order Butterworth (Maximally flat) filter that provides about 48 dB attenuation one octave away from its -3 dB point.
When the IDFT unit 16 comprises a 50% over dimensioned IDFT unit, there is one octave from the highest wanted
frequency to the lowest unwanted frequency of the first alias. Thus, a filter 20 having at least the complexity of the 8th

order filter shown in Figures 2A and 2B is required to adequately suppress the alias.
[0017] Figure 2B plots the phase, group delay, and phase departure from linear phase for the 8th order Butterworth
filter. The latter is the most relevant, and shows that, at the -3 dB cutoff point (Fc), the magnitude of the phase departure
from linear phase is nearly 70°. Plotting this phase error on a linear scale of frequency, as shown in Figure 3, gives a
better appreciation of the proportion of OFDM subcarriers affected by this group delay error. It may be seen that the
group delay error starts to become significant, e.g., in the 5° region, at Fc/2, one octave below the -3 dB cutoff frequency,
and rises to about 20 ° at 3Fc/4, and about 70 ° at Fc.
[0018] Thus, in this example, about half of the allocated spectrum, and thus about half the pilot symbols, will be
transmitted with phases other than those expected. This causes the problems discussed above, such as phase distortion
and non-reciprocity of the uplink and downlink directions, even in the single-frequency TDD case.
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[0019] One way to address these problems is to over dimension the IDFT 16 more than done for conventional systems.
For example, conventional OFDM systems may over dimension the IDFT 16 by 50% to effectively over sample the time
waveform Ti(1), Ti(2), ...,Ti(8), e.g., provide a sample rate greater than the Nyquist rate for the desired bandwidth of the
input data block. Oversampling the time waveform causes quantizing noise due to finite digital word lengths and arithmetic
accuracy to be spread over a larger bandwidth, and therefore, reduces its spectral density. Thus, an over dimensioned
IDFT unit 16 distances unwanted spectral aliases from the wanted spectrum. Over dimensioning the IDFT 16 even
further helps reduce the above-discussed phase distortion and non-reciprocity problems. However, because conventional
solutions already use 1.5:1 over dimensioning, further over dimensioning would require a further factor of two, thus
indicating 3:1 over dimensioning. This is not a practical solution, however, because the IDFT already provides designers
with power and size challenges, and the further increases in power consumption and chip area associated with further
over dimensioning are to be avoided.
[0020] Another solution uses digital filters that have a more linear phase characteristic than the Butterworth filter.
However, such digital filters would have to be an up-sampling filter that produced by interpolation a higher output sampling
rate than input sampling rate. Otherwise the alias frequency is no further removed and the subsequent analog filter has
the same specification as before. Interpolation to a higher sampling rate, however, requires a high order of interpolation
in order to avoid introducing spectral artifacts. Because an over dimensioned IDFT is a perfectly artifact-free interpolator,
considering a digital filter merely leads one back to further over dimensioning the IDFT.
[0021] An alternative, more linear-phase analog filter, e.g., an analog Bessel filter, might also be considered. However,
like all filters that employ the available degrees of freedom to optimize phase or group delay characteristics, the penalty
of the Bessel filter is that the sharpness of cut-off is sacrificed. For example, an 8th order Bessel filter takes two octaves
to fall from -3 dB to -50 dB, as shown in Figure 4A instead of the Butterworth’s one octave. Further, Figure 4A shows
that the Bessel filter’s band-edge attenuation is 12 dB one octave lower then the -50 dB point. Thus, while the Bessel
filter helps address the phase distortion problem, as shown by Figure 4B, about half the OFDM subcarriers approaching
the band edge suffer significant amplitude reductions between -3 dB and -12 dB.
[0022] The present invention provides an alternative solution that reduces the phase and amplitude errors and problems
associated therewith, without requiring further over dimensioning of the IDFT 16 or the utilization of less desirable filter
solutions. More particularly, the present invention generates a filtered analog transmission signal having multiple fre-
quency components from digital frequency-domain samples. To reduce the group delay and/or amplitude errors intro-
duced by one or more transmission filters, the present invention pre-compensates one or more of the frequency-domain
samples such that the collective frequency response of the pre-compensation unit and the transmission filters has a
group delay error and/or amplitude error relative to a flat group delay and flat amplitude, respectively, that is less than
the corresponding group delay and/or amplitude error of the filters alone.
[0023] Figure 5 shows an exemplary OFDM transmitter 100 according to the present invention. OFDM transmitter 100
comprises an encoder 110, pre-compensation unit 120, OFDM modulator 130, filter 140, controller 150, and memory
160. While the following describes the present invention in terms of an OFDM transmitter 100 and OFDM components,
it will be appreciated that the present invention applies to any transmitter that generates a transmission signal with
multiple frequency components.
[0024] Encoder 110 encodes transmission data using any known encoding technique to generate an input data block
comprising a frequency domain sample Si(k) for each subcarrier frequency in an allocated spectrum, where i and k index
the data block and frequency subcarrier, respectively. Pre-compensation unit 120 pre-compensates the frequency domain
samples as described further below to generate pre-compensated frequency-domain samples Si’(k). OFDM modulator
130 modulates the pre-compensated frequency domain samples to generate a modulated multi-frequency signal stream.
Filter 140 limits unwanted spectral components from the multi-frequency signal stream. Additional transmission path
components (e.g., see Figure 9) upconvert, filter, and amplify the filtered signal to generate the filtered analog transmission
signal.
[0025] Figure 6 shows one exemplary pre-compensation unit 120 comprising a plurality of complex multipliers 122
that pre-compensate the digital frequency-domain samples by multiplying the frequency-domain samples Si(k) with a
frequency-specific complex pre-compensation factor α(k) provided by the controller 150. Pre-compensation factors α(k)
for a wide variety of filters and/or frequency subcarriers may be determined in advance, and stored in memory 160, e.g.,
in look-up tables. Alternatively, controller 150 may determine the pre-compensation factors α(k) as needed in real time.
[0026] In one exemplary embodiment, the pre-compensation factors α(k) are determined based on a difference be-
tween a desired frequency response and the actual frequency response of filter 140. For example, α(k) may be determined
according to:
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where Fd (k) is a complex quality that represents the desired frequency response at the kth subcarrier frequency, and
Fa(k) represents the actual frequency response at the kth subcarrier frequency. The desired frequency response com-
prises a flat group delay and a flat amplitude across the allocated spectrum, where flat group delay and flat amplitude
are as defined above. The actual frequency response comprises the actual group delay and amplitude of filter 140 at
each frequency component of the allocated spectrum.
[0027] By multiplying the frequency-domain samples Si(k) by the corresponding pre-compensation factors α(k), the
pre-compensation unit 120 pre-compensates the input data block for the frequency-specific group delay and/or amplitude
errors, e.g., the phase distortion shown in Figure 3, introduced to the transmission signal by one or more of the filters.
In so doing, the pre-compensation unit 120 reduces the group delay and amplitude errors of the filtered analog trans-
mission signal ultimately transmitted by transmitter 100. While pre-compensation unit 120 includes a multiplier 122 for
each frequency component of the allocated spectrum, the present invention does not require the pre-compensation unit
120 to pre-compensate each input frequency domain sample. Instead, pre-compensation unit 120 may be configured
to pre-compensate only those input samples corresponding to frequency components having a group delay and/or
amplitude error that exceeds some preset maximum error. For example, when a filter 140 has a frequency response
with a maximum group delay error (e.g., 70 ° at Fc as in Figure 3), the pre-compensation unit 120 may be configured to
pre-compensate only those frequency domain samples associated with frequency components having a group delay
error greater than a predetermined threshold, e.g., 5°, such that the collective frequency response of the pre-compensation
unit 120 and the filter 140 has a maximum group delay error across the allocated spectrum less than the maximum
group delay error introduced by the filter alone, e.g., < 70°. In one exemplary embodiment, the results of the pre-
compensation significantly reduce the group delay and amplitude errors to below a predetermined threshold, e.g., reduce
the group delay error to less than 5°. In the example of Figure 3, the frequency domain samples associated with the
frequency components between Fc/2 and Fc would be pre-compensated, while the frequency components between 0
and Fc/2 would not be pre-compensated.
[0028] It will also be appreciated that the pre-compensation unit 120 of the present invention may pre-compensate for
group delay and amplitude errors introduced by both baseband and RF filters. The frequency response across the
allocated OFDM spectrum caused by RF filters, such as transmit/receive duplex filters, will depend on the absolute RF
center frequency of the transmitter, which may be fixed or variable, while the frequency response caused by baseband
filters depends only on the relative location of an OFDM subcarrier frequency relative to the center of the allocated OFDM
spectrum. To address the amplitude and group delay errors introduced by multiple transmission filters, the pre-compen-
sation unit 120 may multiply one or more digital input frequency-domain samples by a single pre-compensation factor
that collectively represents the pre-compensation for all baseband and RF filters, which are obtained by combining the
absolute frequency-dependent values with relative frequency-dependent values. Alternatively, pre-compensation unit
120 may multiply one or more digital frequency-domain samples of the input data block by multiple pre-compensation
factors, e.g., one for each filter, or one that collectively represents all baseband filters (e.g., relative frequency-dependent
values) and one that collectively represents all RF filters (e.g., absolute frequency-dependent values).
[0029] For example, pre-compensation unit 120 may pre-compensate the frequency-domain samples for each filter
in the transmission chain of the mobile device 400 shown in Figure 7. The exemplary mobile device 400 comprises one
transmit antenna 210 and two receive antennas 210, 300, one of which duals as the transmit antenna 210. The trans-
mission chain includes the encoder 110, pre-compensation unit 120, OFDM modulator 130, filter 140, controller 150,
and memory shown in Figure 5, as well as an upconverter 170, RF transmission filter 180, and amplifier 190. Upconverter
170 upconverts the filtered modulated symbols to a desired radio frequency (RF). RF transmission filter 180 filters the
upconverted signal, while amplifier 190 amplifies the filtered signal to a desired transmission power level. Both reception
chains include an amplifier 220, 320, RF reception filter 230, 330, downconverter 240, 340, filter 250, 350, analog-to-
digital converter/OFDM demodulator 260, 360, and receiver signal processor 270.
[0030] The transmitter chain and one of the receiver chains share the common antenna 210 by means of the duplexer
200. When the transmit and receive frequency bands are different, e.g., for FDD, duplexer 200 may comprise a filter
system 202 that includes a transmit filter passing the transmission frequencies and a receive filter passing the reception
frequencies. Alternatively, when the transmit and receive frequency bands are the same, e.g., for TDD, duplexer 200
may comprise a transmit/receive switch with a common filter 202. It will be appreciated that the entire transmit/receive
chain may be repeated using the second antenna 300 in order to construct a mobile communications device having two
transmit and two receive antennas. If both antennas are used for transmission, a receiving base station can characterize
the transmission channel for each antenna by analyzing the received signals. In the case where two transmitter chains
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are used with respective transmit antennas 210, a pre-compensation 120 may be used in each chain to ensure that the
relative phases and/or amplitudes of the filtered analog transmission signals fed to the two antennas 210 meets the
desired frequency response. Alternatively, if it is desired to utilize only a single transmit IDFT unit, and the two transmission
signals are obtained by splitting the IDFT output between two antennas 210, then a single pre-compensation unit 120
may be used to compensate for the single set of baseband filters 140 and for the mean of the two RF filter chains 180, 202.
[0031] As shown in Figure 7, the transmission channel includes baseband filter 140, RF transmission filter 180, duplexer
filter 202 (also at RF), and the propagation channel. For downlink MIMO operation, a remote receiver would like to know
in advance the propagation channels for each receiver in the mobile communication device. A downlink channel includes
the propagation channel, the receiving part of duplexer 200, RF receiving filter 230, and baseband filter 250. Thus, even
if same-frequency TDD operation is assumed, such that the transmission and reception propagation channels are
generally the same, the total transmission channel and reception channel differ due to the difference between receive
filters 202, 230, 250 and transmit filters 140, 180, 202. It can be assumed that a receiver can determine its own receive
filter characteristics, including mismatch between the two receiver chains. However, the receiver cannot determine the
transmit filter characteristics of the transmission channel. Therefore, it is desirable that the transmitter should compensate
its own transmission for the group delay and amplitude errors of its own transmit filter(s) so that the analog transmission
signal conforms to a desired frequency response. As mentioned above, the desired frequency response may comprise
a flat amplitude and group delay. Alternatively, the desired frequency response may be a specified amplitude/group
delay characteristic verses frequency described in a standards document.
[0032] In the above description, it has already been shown how the characteristics of a baseband transmit filter, such
as filter 140, may be accounted for by a pre-compensation of the phase and/or amplitude of each OFDM subcarrier by
means of complex pre-compensation factors. The same technique can be used to compensate for the characteristics
of RF transmission filters, e.g., filters 180 and 202. However, the OFDM signal may be positioned at different places
within a total transmission frequency band allocated to the communications service, which band is defined by the filters
180, 202. Therefore, unlike the pre-compensation for baseband filters 140, the pre-compensation for bandpass filters
180, 202 will depend on the positioning of the OFDM signal within the total transmission frequency band. It is assumed
that the positioning is adjustable in steps of the OFDM subcarrier width, so that the possible frequencies upon which
each subcarrier may be positioned form a grid. For example, if the total transmit band allocated is 60 MHz wide, and
the OFDM subcarrier spacing is 10 KHz, there are 6000 possible frequencies on which a subcarrier may be transmitted.
It is proposed that the RF transmission path, including RF transmission filter 180, duplexer filter 202, and any other
frequency selective components after the upconverter 170 be characterized in phase and amplitude relative to the
desired frequency response at each of these potential 6000 frequencies as described above to determine the corre-
sponding pre-compensation factors. The total compensation to be applied to each frequency-domain sample at the input
of the OFDM modulator 130 would then comprise a compensation value for the baseband filter 140 selected according
only to the subcarrier index k at the input of the OFDM modulator 130, and one or more compensation values for the
RF components, e.g., filters 180 and 202, selected from a second table of the above-mentioned 6000 values in depend-
ence on the subcarrier index k and a channel index m, where the channel index m indicates the positioning of the OFDM
signal within the total transmission band.
[0033] Figures 8A - 8D show the positioning of an OFDM signal within a total transmission frequency band that is
6000 subchannels wide. Figure 8A shows a collective frequency response across the transmission band for RF trans-
mission filter 180 and duplexer filter 202 and any other components in the RF path having non-constant frequency
characteristics. An input data block of 1200 frequency-domain samples, shown in Figure 8D, is positioned for transmission
with subcarrier index 1 located at transmit band subchannel number 650. Moreover, filter 140 exhibits a baseband
frequency response shown in Figure 8C across the OFDM block. The latter may be compensated by multiplying frequency-
domain samples Si(k) with a corresponding baseband pre-compensation factor α(k), which may be selected from a first
compensation look-up table stored in memory 160. Then the frequency response of the RF components may be pre-
compensated by further multiplying the frequency-domain sample by an RF pre-compensation factor β(k + m), where
m is the subchannel number where subcarrier 1 is positioned, e.g., m = 650 in Figures 8A - 8D. The RF pre-compensation
factor is determined in a manner similar to that of the baseband pre-compensation factor, e.g., based on the difference
between the desired frequency response and the collective frequency response of the RF components across the
transmission band. Thus, the pre-compensated frequency-domain samples become: 

where the appropriate choice of the pre-compensation factors α(k) and β(k + m) are the reciprocals of the respective
frequency response errors they compensate for. While the RF pre-compensation factor collectively represents the pre-
compensation factor for the RF components, it will be appreciated that separate pre-compensation factors for individual
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RF components may be used. Further, it will be appreciated that the baseband and RF pre-compensation factors may
be combined to form composite pre-compensation factors that are subsequently applied to the corresponding frequency-
domain samples. It will also be appreciated that numbering OFDM subchannels starting at 1 is arbitrary; the numbering
could equally well start at 0 or be distributed between negative and positive indices relative to a center subchannel of
zero. Likewise the RF subcarriers within the transmit band are numbered 1 to 6000, which is also an arbitrary convention.
Depending on the convention, the address to the look-up table for the RF pre-compensation factors may be modified
by a constant to generate the correct address in memory for the correct pre-compensation factor. The digital frequency-
domain pre-compensation of the present invention may also be used in transmitters that allow a variable number of
subcarrier frequencies for an input data block, where K represents the number of subcarrier frequencies selected based
on a desired data rate. For example, an OFDM symbol is defined as the waveform block produced by the OFDM modulator
130 corresponding to a given set of input values in the input data block. One OFDM waveform block is transmitted in a
fixed period called an OFDM symbol period. In the OFDM symbol period, therefore, a number of data symbols are
transmitted corresponding to the number of input values that were presented in the input data block at the input of the
[0034] OFDM modulator 130. Thus, the transmitted data rate is equal to N data symbols per OFDM symbol period,
and the data rate may therefore be increased by increasing N , e.g., by using more of the OFDM input subcarrier slots
for data symbols. Controller 150 may thus allocate a large number of subcarrier frequencies to mobile devices having
a high data rate, or a small number of subcarrier frequencies to mobile devices having a low data rate.
[0035] To accommodate the variable data rate feature, the OFDM modulator 130 and variable filter 140 in OFDM
transmitter 100 may comprise an over dimensioned OFDM modulator 132 and a variable filter 142, respectively, as
shown in Figure 9 and described in detail in U.S. Patent Application Serial No. 12/541426 to present applicants. The
over dimensioned OFDM modulator 132 is configured to have a size that exceeds the number of subcarrier frequencies
selected for an input data block. As used herein, the size of OFDM modulator 132 generally corresponds to the size of
a frequency transform unit in OFDM modulator 132, e.g., the over-dimensioned transform unit 136 shown in Figure 10.
When transmitter 100 uses less than the full bandwidth, the unused subcarrier frequencies may contain energy at an
undesirably high level that interferes with other services using the same spectrum. Such unwanted energy arises from
digital quantizing noise and thermal noise in oscillators, modulators, and amplifiers. To address this problem, the controller
150 in this embodiment configures one or more properties of variable filter 142 based on the selected number K of
subcarrier frequencies in addition to providing the pre-compensation factors α(k) to the pre-compensation unit 120. For
example, controller 150 may configure the cutoff frequency for filter 142 based on the selected number K of subcarrier
frequencies. It will be appreciated that filter 142 may be configured to have a bandwidth that is either continuously or
stepwise variable. Alternatively, variable filter 142 may be configured by selecting an anti-aliasing filter having the desired
configuration from a number of pre-determined anti-aliasing filters available to transmitter 100.
[0036] Figure 10 shows details of an exemplary pre-compensation unit 120 and OFDM modulator 132 for the transmitter
100 of Figure 9. The ith input data block comprises K frequency-domain samples Si(1), ..., Si(K) corresponding to the K
subcarrier frequencies selected by the controller 150 based on the desired data rate. Controller 150 obtains one or more
complex pre-compensation factors, e.g., α(k) and β(k + m), for the frequency-domain samples, as discussed further
below, and provides them to the pre-compensation unit 120. Multipliers 122 in pre-compensation unit 120 multiply the
frequency-domain samples of the input data block by the corresponding complex pre-compensation factor(s) provided
by controller 150. The pre-compensated data block Si’ is input to the OFDM modulator 132.
[0037] The over-dimensioned OFDM modulator 132 comprises a padding unit 134, an over dimensioned transform
unit 136, e.g., an over dimensioned Fourier transform unit, and a serializing unit 138. Padding unit 134 adds null values
to either end of the pre-compensated input data block, where the null values represent subcarrier frequency values in
which no energy should fall, e.g., spectrum not allocated to the current transmission. To accommodate different sized
input data blocks, padding unit 134 changes the number of bordering null values added to the input data block to maintain
the same number of inputs into the over dimensioned transform unit 136. The number of bordering null values added
by padding unit 134 is determined based on the number K of selected subcarrier frequencies, which is provided by
controller 150. For example, reducing the number of wanted subcarriers leads to increasing the number of bordering
null values to maintain the same array size input to the transform unit 136.
[0038] The input to the over dimensioned transform unit 136 comprises the expanded and pre-compensated data
block. Over dimensioned transform unit 136 transforms the expanded and pre-compensated data block by converting
the pre-compensated frequency-domain samples of the expanded data block to time domain samples according to any
known means. Serializing unit 138 converts the digital time-domain samples output by transform unit 136 to a multi-
frequency signal stream, and converts the stream of samples to an analog modulated OFDM signal. The analog modulated
OFDM signal is provided to the variable filter 142.
[0039] The pre-compensation factors for fixed or variable filters 140, 142 may be determined using the same techniques
described above. For example, the baseband pre-compensation factors may be determined based on the difference
between the frequency response of variable filter 142 and the desired frequency response, e.g., one having a flat group
delay and amplitude over the allocated spectrum. As with the fixed filter pre-compensation factors, controller 150 may
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determine pre-compensation factors for variable filters in real time. Alternatively, different sets of pre-compensation
factors corresponding to different variable filter implementations may be stored in look-up tables in memory 160. In this
case, controller 150 may retrieve the appropriate pre-compensation factors from memory 160 based on the configuration
of variable filter 142. It will be appreciated that the same logic applies to any variable RF filters.
[0040] It will be appreciated that while not explicitly shown, the present invention may use a quadrature modulator
and upconverter. For example, the waveform output by transform unit 136 may comprise a sequence of complex numbers
having a real part I and an imaginary part Q. The sequence of real parts (I -values) may be digitally filtered with a digital
filter prior to digital-to-analog conversion. Likewise, the sequence of imaginary parts (Q-values) may be filtered with an
identical filter. Subsequently, the filtered I, Q samples are converted to a continuous time OFDM signal. For example,
a pair of identical digital-to-analog converters operating in parallel may be used. Other known methods may also be
used, e.g., feeding the sequence I1, Q1, -I1, -Q1, I2, Q2, -I2, -Q2 ,... successively into a single digital-to-analog converter,
which results in an output signal shifted in frequency to lie around ¨ the sample rate. In the former method, the outputs
of the pair of digital-to-analog converters are smoothed using anti-aliasing or smoothing filters, which comprise low-pass
filters. In the latter method, the output of the single digital-to-analog converter may be smoothed using a bandpass filter
centered on the frequency corresponding to ¨ the sample rate. Regardless of the type of digital-to-analog conversion
used, analog smoothing filters 140, 142 are used to limit the unwanted spectral components.
[0041] It will be appreciated that pre-compensation unit 120 may alternatively or additionally pre-compensate for any
fixed or variable filters in the transmission chain, e.g., any optional digital filters 137 after the transform unit 136 and
before any digital-to-analog conversion that are either fixed of selectively configured based on the number of data
symbols per OFDM symbol period input to the transform unit 136. In one example, the pre-compensation unit 120 may
pre-compensate the digital frequency-domain samples for amplitude and/or group delay errors arising from a digital filter
operating on the frequency transformed output while such data is still in memory. In another example, the pre-compen-
sation unit 120 may pre-compensate the digital frequency-domain samples for amplitude and/or group delay errors
arising from a digital filter disposed after the serializer 138 and before any digital-to-analog converter 139.
[0042] By pre-compensating the digital frequency-domain samples of an input data block, the pre-compensation unit
120 of the present invention enables the OFDM transmitter 100 use any desired filter to generate a filtered transmission
signal without sacrificing amplifier performance across the allocated spectrum. Thus, the transceiver 100 of the present
invention will provide a remote receiver with more accurate pilot symbols, which enables the receiver to more accurately
characterize the propagation channel.

Claims

1. A method of generating a filtered analog transmission signal for transmission to a remote device, wherein the filtered
analog transmission signal comprises multiple frequency components, the method comprising:

generating a modulated multi-frequency signal stream from digital frequency-domain samples input to a mod-
ulator (110);
filtering the modulated multi-frequency signal stream using one or more filters (140, 142, 137)
suppress out-of-band spectral components from the filtered analog transmission signal, said one or more filters
collectively having a frequency-domain response over the multiple frequency components comprising a first
maximum error relative to a desired frequency response; and
pre-compensating one or more of the digital frequency-domain samples Si(k)) using a pre-compensation unit
(120) such that a collective frequency-domain response of the pre-compensation unit and the one or more filters
comprises a second maximum error relative to the desired frequency response less than the first maximum error,
wherein the first maximum error comprises a first maximum group delay error relative to a flat group delay, and
wherein the second maximum error comprises a second maximum group delay error relative to a flat group
delay less than the first maximum group delay error.

2. The method of claim 1 wherein the first maximum error further comprises a first maximum amplitude error relative
to a flat amplitude, and wherein the second maximum error further comprises a second maximum amplitude error
relative to a flat amplitude less than the first maximum amplitude error.

3. The method of claim 2 wherein pre-com pensating one or more of the digital frequency-domain samples comprises
pre-compensating an amplitude and a phase of one or more of the digital frequency-domain samples such that the
collective frequency-domain response of the pre-compensation unit and the one or more filters comprises the second
maximum group delay error and the second maximum amplitude error.
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4. The method of claim 1 further comprising determining frequency-specific complex factors (α(k)) based on frequency-
specific errors relative to the desired frequency response, wherein pre-compensating one or more of the digital
frequency-domain samples comprises multiplying (122) one or more of the digital frequency-domain samples by
the corresponding complex factor.

5. The method of claim 4 further comprising storing the complex factors in a look-up table, wherein multiplying one or
more of the digital frequency-domain samples by the corresponding complex factor comprises retrieving complex
factors from the look-up table and multiplying each of the retrieved complex factors by the corresponding digital
frequency-domain sample.

6. The method of claim 1 further comprising upconverting the modulated multi-frequency signal stream to a predeter-
mined radio frequency, wherein filtering the modulated multi-frequency signal stream comprises filtering the mod-
ulated multi-frequency signal stream with one or more baseband filters to suppress out-of-band spectral components
at baseband and filtering the upconverted modulated multi-frequency signal stream with one or more RF filters to
suppress out-of-band spectral components at RF, and wherein pre-com pensating one or more of the digital fre-
quency-domain samples comprises:

multiplying one or more of the digital frequency-domain samples by a corresponding baseband complex factor
determined based on frequency-specific errors associated with the collective frequency response of the one or
more baseband filters relative to the desired frequency response; and
multiplying one or more of the digital frequency-domain samples by a corresponding RF complex factor deter-
mined based on frequency-specific errors associated with the collective frequency response of the one or more
RF filters relative to the desired frequency response.

7. The method of claim 1 wherein generating the analog transmission signal comprises:

selecting a number of the digital frequency-domain samples based on a desired transmission data rate;
generating an input data block for the selected number of frequency-domain samples for input to a modulator,
wherein a size of the modulator exceeds the selected number of digital frequency-domain samples;
padding the input data block to generate an expanded data block having a size matched to the size of the
modulator;
modulating the expanded data block to generate a modulated multi-frequency signal stream; and
configuring one or more properties of at least one of the filters based on the selected number of frequency
components.

8. The method of claim 7 wherein pre-compensating one or more of the digital frequency-domain samples comprises
pre-compensating one or more of the digital frequency-domain samples of the input data block such that the collective
frequency-domain response of the pre-compensation unit and the one or more filters comprises the second maximum
error, and wherein padding the input data block comprises padding the pre-compensated input data block to generate
the expanded data block.

9. The method of claim 1 further comprising:

receiving a signal from a remote device, wherein the received signal comprises multiple frequency components;
determining a preliminary set of scatterer parameters for a reception channel based on the received signal,
wherein the preliminary set of scatterer parameters comprises a set of scattering coefficients for each of a
plurality of path delays, and wherein each scattering coefficient corresponds to a scattering object;
determining a modified set of scatterer parameters for the future transmission channel by calculating extrapolated
scattering coefficients for the modified set of scatterer parameters based on the preliminary set of scatterer
parameters, and frequency and time properties associated with the transmission and reception channels; and
estimating a future transmission channel response based on the modified set of scatterer parameters.

10. The method of claim 9 wherein one or more of the multiple frequency components of the received signal were pre-
compensated at the remote device such that a collective frequency-domain response of a remote device pre-
compensation unit and one or more remote device filters comprises the second maximum error relative to the desired
frequency response less than the first maximum error.

11. The method of claim 1 wherein the digital frequency-domain samples comprise OFDM samples, and wherein the
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filtered analog transmission signal comprises a filtered analog OFDM transmission signal.

12. A wireless transceiver (400) configured to generate a filtered analog transmission signal for transmission to a remote
device, wherein the filtered analog transmission signal comprises multiple frequency components, the wireless
transceiver comprising:

a modulator (110)
to generate a modulated multi-frequency signal stream from digital frequency-domain samples input to the
modulator; one or more filters (140, 142, 137)
to filter the modulated multi-frequency signal stream to suppress out-of-band spectral components from the
filtered analog transmission signal, said one or more filters collectively having a frequency-domain response
over the multiple frequency components comprising a first maximum error relative to a desired frequency re-
sponse; and
a pre-compensation unit (120)
configured to pre-compensate one or more of the digital frequency-domain samples (Si(k))
such that a collective frequency-domain response of the pre-compensation unit and the one or more filters
comprises a second maximum error relative to the desired frequency response less than the first maximum error,
wherein the first maximum error comprises a first maximum group delay error relative to a flat group delay, and
wherein the second maximum error comprises a second maximum group delay error relative to a flat group
delay less than the first maximum group delay error.

13. The wireless transceiver of claim 12 wherein the first maximum error further comprises a first maximum amplitude
error relative to a flat amplitude, and wherein the second maximum error further comprises a second maximum
amplitude error relative to a flat amplitude less than the first maximum amplitude error.

14. The wireless transceiver of claim 13 wherein the pre-compensation unit is configured to pre-compensate an amplitude
and a phase of one or more of the digital frequency-domain samples such that the collective frequency-domain
response of the pre-compensation unit and the one or more filters comprises the second maximum group delay
error and the second maximum amplitude error.

15. The wireless transceiver of claim 12 further comprising a controller configured to determine frequency-specific
complex factors (α(k)) on frequency-specific errors relative to the desired frequency response, wherein the pre-
compensation unit it pre-compensates the digital frequency-domain samples by multiplying one or more of the digital
frequency-domain samples by the corresponding complex factor.

16. The wireless transceiver of claim 15 further comprising memory (160) configured to store the complex factors in a
look-up table, wherein the controller is configured to retrieve one or more complex factors from the look-up table,
and wherein the pre-compensation unit is configured to multiply each of the retrieved complex factors by the corre-
sponding digital frequency-domain sample.

17. The wireless transceiver of claim 12 further comprising an upconverter to upconvert the modulated multi-frequency
signal stream to a predetermined radio frequency. wherein the one or more filters comprises one or more baseband
filters and one or more RF filters, wherein the one or more baseband filters filter the modulated multi-frequency
signal stream to suppress out-of-band spectral components at baseband, and wherein the one or more RF filters
filter the upconverted modulated multi-frequency signal stream to suppress out-of-band spectral components at RF,
and wherein the pre-compensation unit is configured to pre-compensate one or more of the digital frequency-domain
samples by:

multiplying one or more of the digital frequency-domain samples by a corresponding baseband complex factor
determined based on frequency-specific errors associated with the collective frequency response of the one or
more baseband filters relative to the desired frequency response; and
multiplying one or more of the digital frequency-domain samples by a corresponding RF complex factor deter-
mined based on frequency-specific errors associated with the collective frequency response of the one or more
RF filters relative to the desired frequency response.

18. The wireless transceiver of claim 12 further comprising:

an encoder to encode transmission data to generate an input data block for a selected number of the digital
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frequency-domain samples,
wherein the selected number of digital frequency-domain samples is based on a desired transmission data rate,
wherein a size of the modulator exceeds the selected number of digital frequency-domain samples,
wherein the modulator is configured to pad the input data b lock to generate an expanded data block having a
size matched to the size of the modulator and modulate the expanded data block to generate the modulated
multi-frequency signal stream, and
wherein at least one of the filters is configured to filter the modulated multi-frequency signal stream based on
the selected number of frequency components.

19. The wireless transceiver of claim 18 wherein the pre-compensation unit pre-compensates the digital frequency-
domain samples by pre-compensating one or more of the digital frequency-domain samples of the input data block
such that the collective frequency-domain response of the pre-compensation unit and the one or more filters com-
prises the second maximum error, and wherein the modulator pads the input data block by padding the pre-com-
pensated input data block to generate the expanded data block.

20. The wireless transceiver of claim 12 further comprising:

a receiver unit to receive a signal from a remote device, wherein the received signal comprises multiple frequency
components; and
a receive processor configured to estimate a future transmission channel response by:

determining a preliminary set of scatterer parameters for a reception channel based on the received signal,
wherein the preliminary set of scatterer parameters comprises a set of scattering coefficients for each of a
plurality of path delays, and wherein each scattering coefficient corresponds to a scattering object; and
determining a modified set of scatterer parameters for the future transmission channel by calculating ex-
trapolated scattering coefficients for the modified set of scatterer parameters based on the preliminary set
of scatterer parameters, and frequency and time properties associated with the transmission and reception
channels.

21. The wireless transceiver of claim 20 wherein one or more of the multiple frequency components of the received
signal were pre-compensated at the remote device such that a collective frequency-domain response of a remote
device pre-compensation unit and one or more remote device filters comprises the second maximum error relative
to the desired frequency response less than the first maximum error.

22. The wireless transceiver of claim 12 wherein the digital frequency-domain samples comprise digital OFDM samples,
and wherein the filtered analog transmission signal comprises a filtered analog OFDM transmission signal.

Patentansprüche

1. Verfahren zur Erzeugung eines gefilterten analogen Sendesignals zur Übertragung an eine entfernte Vorrichtung,
wobei das gefilterte analoge Sendesignal mehrere Frequenzkomponenten umfasst, und das Verfahren umfasst:

Erzeugen eines modulierten Mehrfrequenzsignalstroms aus digitalen Frequenzbereichs-Abtastwerten, die in
einen Modulator (110) eingegeben werden;
Filtern des modulierten Mehrfrequenzsignalstroms unter Verwendung eines oder mehrerer Filter (140, 142, 137);
Unterdrücken von Außerband-Spektralkomponenten aus dem gefilterten analogen Sendesignal, wobei das
eine oder die mehreren Filter gemeinsam eine Frequenzbereichsantwort über die mehreren Frequenzkompo-
nenten haben, die einen ersten maximalen Fehler in Bezug auf eine gewünschte Frequenzantwort umfasst;
derartiges Vorkompensieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte (Si(k)) unter
Verwendung einer Vorkompensationseinheit (120), dass eine gemeinsame Frequenzbereichsantwort der Vor-
kompensationseinheit und des einen oder der mehreren Filter einen zweiten maximalen Fehler in Bezug auf
gewünschte Frequenzantwort umfasst, der kleiner als er erste maximale Fehler ist,
wobei der erste maximale Fehler einen ersten maximalen Gruppenverzögerungsfehler in Bezug auf eine flache
Gruppenverzögerung umfasst, und wobei der zweite maximale Fehler einen zweiten maximalen Gruppenver-
zögerungsfehler in Bezug auf eine flache Gruppenverzögerung umfasst, der kleiner als der erste maximale
Gruppenverzögerungsfehler ist.
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2. Verfahren nach Anspruch 1, wobei der erste maximale Fehler ferner einen ersten maximalen Amplitudenfehler in
Bezug auf eine flache Amplitude umfasst, und wobei der zweite maximale Fehler ferner einen zweiten maximalen
Amplitudenfehler in Bezug auf eine flache Amplitude umfasst, der kleiner als der erste maximale Amplitudenfehler ist.

3. Verfahren nach Anspruch 2, wobei das Vorkompensieren eines oder mehrerer der digitalen Frequenzbereichs-
Abtastwerte ein derartiges Vorkompensieren einer Amplitude und einer Phase eines oder mehrerer der digitalen
Frequenzbereichs-Abtastwerte umfasst, dass die gemeinsame Frequenzbereichsantwort der Vorkompensations-
einheit und des einen oder der mehreren Filter den zweiten maximalen Gruppenverzögerungsfehler und den zweiten
maximalen Amplitudenfehler umfasst.

4. Verfahren nach Anspruch 1, ferner umfassend ein Bestimmen von frequenzspezifischen komplexen Faktoren (α(k))
basierend auf frequenzspezifischen Fehlern in Bezug auf die gewünschte Frequenzantwort, wobei das Vorkom-
pensieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte ein Multiplizieren (122) eines oder meh-
rerer der digitalen Frequenzbereichs-Abtastwerte mit dem entsprechenden komplexen Faktor umfasst.

5. Verfahren nach Anspruch 4, ferner umfassend ein Speichern der komplexen Faktoren in einer Nachschlagetabelle,
wobei das Multiplizieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte mit dem entsprechenden
komplexen Faktor ein Abrufen von komplexen Faktoren aus der Nachschlagetabelle und Multiplizieren jedes der
abgerufenen komplexen Faktoren mit dem entsprechenden digitalen Frequenzbereichs-Abtastwert umfasst.

6. Verfahren nach Anspruch 1, ferner umfassend ein Hochmischen des modulierten Mehrfrequenzsignalstroms auf
eine vorbestimmte Hochfrequenz, wobei das Filtern des modulierten Mehrfrequenzsignalstroms ein Filtern des
modulierten Mehrfrequenzsignalstroms mit einem oder mehreren Basisbandfiltern zum Unterdrücken von Außer-
band-Spektralkomponenten und Filtern des hochgemischten modulierten Mehrfrequenzsignalstroms mit einem oder
mehreren HF-Filtern zum Unterdrücken von Außerband-Spektralkomponenten auf HF umfasst, und wobei das
Vorkompensieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte umfasst:

Multiplizieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte mit einem entsprechenden kom-
plexen Basisbandfaktor, der basierend auf frequenzspezifischen Fehlern bestimmt wird, die mit der gemeinsa-
men Frequenzantwort des einen oder der mehreren Basisbandfilter in Bezug auf die gewünschte Frequenzant-
wort assoziiert sind; und
Multiplizieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte mit einem entsprechenden kom-
plexen HF-Faktor, der basierend auf frequenzspezifischen Fehlern bestimmt wird, die mit der gemeinsamen
Frequenzantwort des einen oder der mehreren HF-Filter in Bezug auf die gewünschte Frequenzantwort asso-
ziiert sind.

7. Verfahren nach Anspruch 1, wobei das Erzeugen des analogen Sendesignals umfasst:

Auswählen einer Anzahl der digitalen Frequenzbereichs-Abtastwerte basierend auf einer gewünschten Über-
tragungsdatenrate;
Erzeugen eines Eingangsdatenblocks für die ausgewählte Anzahl von Frequenzbereichs-Abtastwerten zur
Eingabe in einen Modulator, wobei eine Größe des Modulators die ausgewählte Anzahl von digitalen Frequenz-
bereichs-Abtastwerten überschreitet;
Füllen des Eingangsdatenblocks, um einen erweiterten Datenblock mit einer Größe zu erzeugen, die an die
Größe des Modulators angepasst ist;
Modulieren des erweiterten Datenblocks, um einen modulierten Mehrfrequenzsignalstrom zu erzeugen; und
Konfigurieren einer oder mehrerer Eigenschaften mindestens eines der Filter basierend auf der ausgewählten
Anzahl von Frequenzkomponenten.

8. Verfahren nach Anspruch 7, wobei das Vorkompensieren eines oder mehrerer der digitalen Frequenzbereichs-
Abtastwerte ein derartiges Vorkompensieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte des
Eingangsdatenblocks umfasst, dass die gemeinsame Frequenzbereichsantwort der Vorkompensationseinheit und
des einen oder der mehreren Filter den zweiten maximalen Fehler umfasst, und wobei das Füllen des Eingangs-
datenblocks ein Füllen des vorkompensierten Eingangsdatenblocks zum Erzeugen des erweiterten Datenblocks
umfasst.

9. Verfahren nach Anspruch 1, ferner umfassend:
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Empfangen eines Signals von einer entfernten Vorrichtung, wobei das Empfangssignal mehrere Frequenzkom-
ponenten umfasst;
Bestimmen einer vorläufigen Menge von Streukörperparametern für einen Empfangskanal basierend auf dem
Empfangssignal, wobei die vorläufige Menge von Streukörperparametern eine Menge von Streukoeffizienten
für jede einer Mehrzahl von Pfadverzögerungen umfasst, und wobei jeder Streukoeffizient einem Streuobjekt
entspricht;
Bestimmen einer modifizierten Menge von Streukörperparametern für den künftigen Sendekanal durch Berech-
nen von extrapolierten Streukoeffizienten für die modifizierte Menge von Streukörperparametern basierend auf
der vorläufigen Menge von Streukörperparametern und Frequenz- und Zeiteigenschaften, die mit den Sende-
und Empfangskanälen assoziiert sind; und
Schätzen einer künftigen Sendekanalantwort basierend auf der modifizierten Menge von Streukörperparame-
tern.

10. Verfahren nach Anspruch 9, wobei eine oder mehrere der mehreren Frequenzkomponenten des Empfangssignals
an der entfernten Vorrichtung derart vorkompensiert wurden, dass eine gemeinsame Frequenzbereichsantwort
einer Vorkompensationseinheit einer entfernten Vorrichtung und eines oder mehrerer Filter einer entfernten Vor-
richtung den zweiten maximalen Fehler in Bezug auf eine gewünschte Frequenzantwort umfasst, der kleiner als
der erste maximale Fehler ist.

11. Verfahren nach Anspruch 1, wobei die digitalen Frequenzbereichs-Abtastwerte OFDM-Signale umfassen, und wobei
das gefilterte analoge Sendesignal ein gefiltertes analoges OFDM-Sendesignal umfasst.

12. Drahtloser Sendeempfänger (400), der so konfiguriert ist, dass er ein gefiltertes analoges Sendesignal zur Über-
tragung an eine entfernte Vorrichtung erzeugt, wobei das gefilterte analoge Sendesignal mehrere Frequenzkom-
ponenten umfasst, und der drahtlose Sendempfänger umfasst:

einen Modulator (110) zum Erzeugen eines modulierten Mehrfrequenzsignalstroms aus digitalen Frequenzbe-
reichs-Abtastwerten, die in den Modulator eingegeben werden;
ein oder mehrere Filter (140, 142, 137) zum Filtern des modulierten Mehrfrequenzsignalstroms, um Außerband-
Spektralkomponenten aus dem gefilterten analogen Sendesignal zu unterdrücken, wobei das eine oder die
mehreren Filter gemeinsam eine Frequenzbereichsantwort über die mehreren Frequenzkomponenten haben,
die einen ersten maximalen Fehler in Bezug auf eine gewünschte Frequenzantwort umfasst;
Vorkompensationseinheit (120), die so konfiguriert ist, dass sie einen oder mehrere der digitalen Frequenzbe-
reichs-Abtastwerte (si(k)) derart vorkompensiert, dass eine gemeinsame Frequenzbereichsantwort der Vor-
kompensationseinheit und des einen oder der mehreren Filter einen zweiten maximalen Fehler in Bezug auf
die gewünschte Frequenzantwort umfasst, der kleiner als er erste maximale Fehler ist,
wobei der erste maximale Fehler einen ersten maximalen Gruppenverzögerungsfehler in Bezug auf eine flache
Gruppenverzögerung umfasst, und wobei der zweite maximale Fehler einen zweiten maximalen Gruppenver-
zögerungsfehler in Bezug auf eine flache Gruppenverzögerung umfasst, der kleiner als der erste maximale
Gruppenverzögerungsfehler ist.

13. Drahtloser Sendeempfänger nach Anspruch 12, wobei der erste maximale Fehler ferner einen ersten maximalen
Amplitudenfehler in Bezug auf eine flache Amplitude umfasst, und wobei der zweite maximale Fehler ferner einen
zweiten maximalen Amplitudenfehler in Bezug auf eine flache Amplitude umfasst, der kleiner als der erste maximale
Amplitudenfehler ist.

14. Drahtloser Sendeempfänger nach Anspruch 13, wobei die Vorkompensationseinheit so konfiguriert ist, dass sie
eine Amplitude und eine Phase eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte derart vorkom-
pensiert, dass die gemeinsame Frequenzbereichsantwort der Vorkompensationseinheit und des einen oder der
mehreren Filter den zweiten maximalen Gruppenverzögerungsfehler und den zweiten maximalen Amplitudenfehler
umfasst.

15. Drahtloser Sendeempfänger nach Anspruch 12, ferner umfassend eine Steuerung, die so konfiguriert ist, dass sie
frequenzspezifische komplexe Faktoren (α(k)) bei frequenzspezifischen Fehlern in Bezug auf die gewünschte Fre-
quenzantwort bestimmt, wobei die Vorkompensationseinheit die digitalen Frequenzbereichs-Abtastwerte durch Mul-
tiplizieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte mit dem entsprechenden komplexen
Faktor vorkompensiert.
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16. Drahtloser Sendeempfänger nach Anspruch 15, ferner umfassend einen Speicher (160), der die komplexen Faktoren
in einer Nachschlagetabelle speichert, wobei die Steuerung so konfiguriert ist, dass sie einen oder mehrere komplexe
Faktoren aus der Nachschlagtabelle abruft, und wobei die Vorkompensationseinheit so konfiguriert ist, dass sie
jeden der abgerufenen komplexen Faktoren mit dem entsprechenden digitalen Frequenzbereichs-Abtastwert mul-
tipliziert.

17. Drahtloser Sendeempfänger nach Anspruch 12, ferner umfassend einen Hochmischer zum Hochmischen des mo-
dulierten Mehrfrequenzsignalstroms auf eine vorbestimmte Hochfrequenz, wobei das eine oder die mehreren Filter
ein oder mehrere Basisbandfilter und ein oder mehrere HF-Filter umfassen, wobei das eine oder die mehreren
Basisbandfilter den modulierten Mehrfrequenzsignalstrom filtern, um Außerband-Spektralkomponenten auf Basis-
band zu unterdrücken, und wobei das eine oder die mehreren HF-Filter den hochgemischten modulierten Mehrfre-
quenzsignalstrom filtern, um Außerband-Spektralkomponenten auf HF zu unterdrücken, und wobei die Vorkompen-
sationseinheit so konfiguriert ist, dass sie einen oder mehrere der digitalen Frequenzbereichs-Abtastwerte vorkom-
pensiert durch:

Multiplizieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte mit einem entsprechenden kom-
plexen Basisbandfaktor, der basierend auf frequenzspezifischen Fehlern bestimmt wird, die mit der gemeinsa-
men Frequenzantwort des einen oder der mehreren Basisbandfilter in Bezug auf die gewünschte Frequenzant-
wort assoziiert sind; und
Multiplizieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte mit einem entsprechenden kom-
plexen HF-Faktor, der basierend auf frequenzspezifischen Fehlern bestimmt wird, die mit der gemeinsamen
Frequenzantwort des einen oder der mehreren HF-Filter in Bezug auf die gewünschte Frequenzantwort asso-
ziiert sind.

18. Drahtloser Sendeempfänger nach Anspruch 12, ferner umfassend:

einen Encoder zum Codieren von Übertragungsdaten, um einen Eingangsdatenblock für eine ausgewählte
Anzahl der digitalen Frequenzbereichs-Abtastwerte zu erzeugen,
wobei die ausgewählte Anzahl von digitalen Frequenzbereichs-Abtastwerten auf einer gewünschten Übertra-
gungsdatenrate basiert;
wobei eine Größe des Modulators die ausgewählte Anzahl von digitalen Frequenzbereichs-Abtastwerten über-
schreitet;
wobei der Modulator so konfiguriert ist, dass er den Eingangsdatenblock füllt, um einen erweiterten Datenblock
mit einer Größe zu erzeugen, die an die Größe des Modulators angepasst ist, und den erweiterten Datenblock
moduliert, um den modulierten Mehrfrequenzsignalstrom zu erzeugen, und
wobei mindestens eines der Filter so konfiguriert ist, dass es den modulierten Mehrfrequenzsignalstrom basie-
rend auf der ausgewählten Anzahl von Frequenzkomponenten filtert.

19. Drahtloser Sendeempfänger nach Anspruch 18, wobei die Vorkompensationseinheit die digitalen Frequenzbereichs-
Abtastwerte durch derartiges Vorkompensieren eines oder mehrerer der digitalen Frequenzbereichs-Abtastwerte
des Eingangsdatenblocks vorkompensiert, dass die gemeinsame Frequenzbereichsantwort der Vorkompensati-
onseinheit und des einen oder der mehreren Filter den zweiten maximalen Fehler umfasst, und wobei der Modulator
den Eingangsdatenblocks durch Füllen des vorkompensierten Eingangsdatenblocks zum Erzeugen des erweiterten
Datenblocks füllt.

20. Drahtloser Sendeempfänger nach Anspruch 12, ferner umfassend:

eine Empfängereinheit zum Empfangen eines Signals von einer entfernten Vorrichtung, wobei das Empfangs-
signal mehrere Frequenzkomponenten umfasst; und
einen Empfangsprozessor, der so konfiguriert ist, dass er eine künftige Sendekanalantwort schätzt durch:

Bestimmen einer vorläufigen Menge von Streukörperparametern für einen Empfangskanal basierend auf
dem Empfangssignal, wobei die vorläufige Menge von Streukörperparametern eine Menge von Streuko-
effizienten für jede der Mehrzahl von Pfadverzögerungen umfasst, und wobei jeder Streukoeffizient einem
Streuobjekt entspricht; und
Bestimmen einer modifizierten Menge von Streukörperparametern für den künftigen Sendekanal durch
Berechnen von extrapolierten Streukoeffizienten für die modifizierte Menge von Streukörperparametern
basierend auf der vorläufigen Menge von Streukörperparametern und Frequenz- und Zeiteigenschaften,
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die mit den Sende- und Empfangskanälen assoziiert sind.

21. Drahtloser Sendeempfänger nach Anspruch 20, wobei eine oder mehrere der mehreren Frequenzkomponenten
des Empfangssignals an der entfernten Vorrichtung derart vorkompensiert wurden, dass eine gemeinsame Fre-
quenzbereichsantwort einer Vorkompensationseinheit einer entfernten Vorrichtung und eines oder mehrerer Filter
einer entfernten Vorrichtung den zweiten maximalen Fehler in Bezug auf eine gewünschte Frequenzantwort umfasst,
der kleiner als der erste maximale Fehler ist.

22. Drahtloser Sendeempfänger nach Anspruch 12, wobei die digitalen Frequenzbereichs-Abtastwerte OFDM-Signale
umfassen, und wobei das gefilterte analoge Sendesignal ein gefiltertes analoges OFDM-Sendesignal umfasst.

Revendications

1. Procédé de génération d’un signal de transmission analogique filtré en vue d’une transmission à un dispositif distant,
dans lequel le signal de transmission analogique filtrée comprend des de fréquence multiples, le procédé comprenant
de :

générer un flux de signal multi fréquence modulé d’après les échantillons de domaine de fréquence numérique
entrée dans un modulateur (110) ;
filtrer le flux de signal multi fréquence modulé en utilisant un ou plusieurs filtres (140, 142, 137) ;
supprimer les composants spectraux hors bande du signal de transmission analogique filtré, le ou les filtres
ayant collectivement une réponse de domaine de fréquences sur les composants de fréquence multiple com-
prenant une première erreur maximale relative à une réponse de fréquence désirée ; et
pré-compenser un ou plusieurs des échantillons de domaine de fréquences numérique (Si(k)) en utilisant une
unité de pré compensation (120) de sorte qu’une réponse de domaine de fréquence collective de l’unité de pré
compensation et du ou des filtres comprenne une seconde erreur maximale relative à la réponse de fréquence
désirée moins la première erreur maximale, dans lequel la première erreur maximale comprend une première
erreur de retard de groupe maximale relative à un retard de groupe plat et dans lequel la seconde erreur
maximale comprend une seconde erreur de retard de groupe maximal relative à un retard de groupe plat moins
la première erreur de retard de groupe maximal.

2. Procédé selon la revendication 1, dans lequel la première erreur maximale comprend en outre une première erreur
d’amplitude maximale relative à une amplitude plate et dans lequel la seconde erreur maximale comprend en outre
une seconde erreur d’amplitude maximale relative à une amplitude plate moins la première erreur d’amplitude
maximale.

3. Procédé selon la revendication 2, dans lequel pré compenser un ou plusieurs des échantillons de domaine de
fréquence numérique comprend de pré compenser une amplitude et une phase d’un ou plusieurs des échantillons
de domaine de fréquence numérique de sorte que la réponse de domaine de fréquences collective de l’unité de
compensation et du ou des filtres comprenne la seconde erreur de retard de groupe maximale et la seconde erreur
d’amplitude maximale.

4. Procédé selon la revendication 1, comprenant en outre de déterminer des facteurs complexes spécifiques à une
fréquence (α(k)) sur la base des erreurs spécifiques à une fréquence relatives à la réponse de fréquence désirée,
dans lequel pré compenser un ou plusieurs des échantillons de domaine de fréquences numériques comprend de
multiplier (122) un ou plusieurs des échantillons de domaine de fréquence numérique par le facteur complexe
correspondant.

5. Procédé selon la revendication 4, comprenant en outre de mémoriser les facteurs complexes dans une table de
recherche, dans lequel multiplier un ou plusieurs des échantillons de domaine de fréquence numérique par le facteur
complexe correspondant comprend d’extraire les facteurs complexes de la table de recherche et de multiplier chacun
des facteurs complexes extraits par l’échantillon de domaine de fréquence numérique correspondant.

6. Procédé selon la revendication 1, comprenant en outre de convertir à la hausse le flux de signal multi fréquence
modulé en une radiofréquence prédéterminée, dans lequel filtrer le flux de signal multi fréquence modulé comprend
de filtrer le flux de signal multi fréquence modulé avec un ou plusieurs filtres de bande de base pour supprimer les
composants spectraux hors bande au niveau de la bande de base et de filtrer le flux de signal multi fréquence
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modulé converti à la hausse avec un plusieurs filtres RF pour supprimer les composants spectraux hors bande au
niveau RF et dans lequel pré compenser un ou plusieurs des échantillons de domaine de fréquences numériques
comprend de :

multiplier un ou plusieurs des échantillons de domaine de fréquences numériques par un facteur complexe de
bande de base correspondant déterminé sur la base des erreurs spécifiques à une fréquence associée à la
réponse de fréquence collective du ou des filtres de bande de bases par rapport à la réponse de fréquence
désirée ; et
multiplier un ou plusieurs des échantillons de domaine de fréquence numérique par un facteur complexe RF
correspondant déterminé sur la base des erreurs spécifiques à une fréquence associées à la réponse de
fréquence collective du ou des filtres RF par rapport à la réponse de fréquence désirée.

7. Procédé selon la revendication 1, dans lequel générer le signal de transmission analogique comprend de :

générer un bloc de données d’entrée pour le nombre sélectionné d’échantillons de domaine de fréquence à
entrer dans un modulateur, dans lequel une taille du modulateur excède le nombre sélectionné d’échantillons
de domaine de fréquences numériques ;
bourrer le bloc de données d’entrée pour générer un bloc de données étendu ayant une taille harmonisée à la
taille du modulateur ;
moduler le bloc de données étendu pour générer un flux de signal multi fréquence modulé, et
configurer une ou plusieurs propriétés d’au moins un des filtres sur la base du nombre sélectionné de composants
de fréquence.

8. Procédé selon la revendication 7, dans lequel pré compenser un ou plusieurs des échantillons de domaine de
fréquence numérique comprend de pré compenser un ou plusieurs des échantillons de domaine de fréquences
numériques du bloc de données d’entrée de sorte que la réponse de domaine de fréquence collective de l’unité de
pré compensation et du ou des filtres comprenne la seconde erreur maximale et dans lequel bourrer le bloc de
données d’entrée comprend de bourrer le bloc de données d’entrée pré compensé pour générer le bloc de données
étendu.

9. Procédé selon la revendication 1, comprenant en outre de :

recevoir un signal depuis un dispositif distant, dans lequel le signal reçu comprend des composants de fréquence
multiples ;
déterminer un ensemble préliminaire de paramètre de diffuseur pour un canal de réception sur la base du signal
reçu, dans lequel l’ensemble préliminaire de paramètre de diffuseur comprend un ensemble de coefficients de
diffusion pour chacun d’une pluralité de retard de trajets et dans lequel chaque coefficient de diffusion correspond
à un objet de diffusion ;
déterminer un ensemble modifié de paramètre de diffuseur pour le futur canal de transmission en calculant des
coefficients de diffusion extrapolés pour l’ensemble modifié de paramètres de diffuseur sur la base de l’ensemble
préliminaire de paramètres de diffuseur, et la fréquence et les propriétés temporelles associées aux canaux de
transmission et de réception ; et
estimer une réponse de futur canal de transmission sur la base de l’ensemble modifié de paramètres de diffuseur.

10. Procédé selon la revendication 9, dans lequel un ou plusieurs des composants de fréquence multiples de signal
reçu ont été pré compensés au niveau du dispositif distant de sorte qu’une réponse de domaine de fréquence
collective d’une unité de pré compensation de dispositif distant et un ou plusieurs filtres de dispositif distant com-
prenne la seconde erreur maximale relative à la réponse de fréquence désirée moins la première erreur maximale.

11. Procédé selon la revendication 1, dans lequel les échantillons de domaine de fréquence numérique comprennent
des échantillons OFDM et dans lequel le signal de transmission analogique filtré comprend un signal de transmission
OFDM analogique filtré.

12. Émetteur-récepteur sans fil (400) configuré pour générer un signal de transmission analogique filtrée en vue d’une
transmission à un dispositif distant, dans lequel le signal de transmission analogique filtrée comprend des compo-
sants de fréquence multiples, émetteur-récepteur sans fil comprenant :

un modulateur (110) pour générer un flux de signal multi fréquence modulé d’après les échantillons de domaine
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de fréquence numérique entrée dans un modulateur ;
une ou plusieurs filtres (140, 142, 137) pour filtrer le flux de signal multi fréquence modulé pour supprimer les
composants spectraux hors bande du signal de transmission analogique filtré, le ou les filtres ayant collective-
ment une réponse de domaine de fréquences sur les composants de fréquence multiple comprenant une
première erreur maximale relative à une réponse de fréquence désirée ; et
une unité de pré compensation (120) pour pré-compenser un ou plusieurs des échantillons de domaine de
fréquences numérique (Si(k)) en utilisant une unité de pré compensation (120) de sorte qu’une réponse de
domaine de fréquence collective de l’unité de pré compensation et du ou des filtres comprenne une seconde
erreur maximale relative à la réponse de fréquence désirée moins la première erreur maximale, dans lequel la
première erreur maximale comprend une première erreur de retard de groupe maximale relative à un retard de
groupe plat et dans lequel la seconde erreur maximale comprend une seconde erreur de retard de groupe
maximal relative à un retard de groupe plat moins la première erreur de retard de groupe maximal.

13. Émetteur-récepteur sans fil selon la revendication 12, dans lequel la première erreur maximale comprend en outre
une première erreur d’amplitude maximale relative à une amplitude plate et dans lequel la seconde erreur maximale
comprend en outre une seconde erreur d’amplitude maximale relative à une amplitude plate moins la première
erreur d’amplitude maximale.

14. Émetteur-récepteur sans fil selon la revendication 13, dans lequel l’unité de pré compensation est configurée pour
pré compenser un ou plusieurs des échantillons de domaine de fréquence numérique comprend de pré compenser
une amplitude et une phase d’un ou plusieurs des échantillons de domaine de fréquence numérique de sorte que
la réponse de domaine de fréquences collective de l’unité de pré compensation et du ou des filtres comprenne la
seconde erreur de retard de groupe maximale et la seconde erreur d’amplitude maximale.

15. Émetteur-récepteur sans fil selon la revendication 12, comprenant en outre un contrôleur configuré pour déterminer
des facteurs complexes spécifiques à une fréquence (α(k)) sur la base des erreurs spécifiques à une fréquence
relatives à la réponse de fréquence désirée, dans lequel l’unité de pré compensation pré-compense les échantillons
de domaine de fréquences numériques en multipliant un ou plusieurs des échantillons de domaine de fréquences
numériques par le facteur complexe correspondant.

16. Émetteur-récepteur sans fil selon la revendication 15, comprenant en outre une mémoire (160) configurée pour
mémoriser les facteurs complexe dans une table de recherche, dans lequel le contrôleur est configuré pour extraire
un ou plusieurs facteurs complexes de la table de recherche et dans lequel l’unité de pré compensation est configurée
pour multiplier chacun des facteurs complexes extraits par l’échantillon de domaine de fréquence numérique cor-
respondant.

17. Émetteur-récepteur sans fil selon la revendication 12, comprenant en outre un convertisseur à la hausse pour
convertir à la hausse le flux de signal multi fréquence modulé en une fréquence radio prédéterminée, dans lequel
le ou les filtres comprennent un ou plusieurs filtres de bande de base et un ou plusieurs filtres RF, dans lequel le
ou les filtres de bande de bases filtrent le flux de signal multi fréquence modulé pour supprimer au niveau de la
bande de base et dans lequel le ou les filtres RF filtrent le flux de signal multi fréquence modulé converti à la hausse
pour supprimer les composants spectraux hors bande au niveau de RF, et dans lequel l’unité de pré compensation
est configurée pour pré compenser un ou plusieurs des échantillons de domaine de fréquence numérique en :

multipliant un ou plusieurs des échantillons de domaine de fréquences numériques par un facteur complexe
de bande de base correspondant déterminé sur la base des erreurs spécifiques à une fréquence associée à
la réponse de fréquence collective du ou des filtres de bande de bases par rapport à la réponse de fréquence
désirée ; et
multipliant un ou plusieurs des échantillons de domaine de fréquence numérique par un facteur complexe RF
correspondant déterminé sur la base des erreurs spécifiques à une fréquence associées à la réponse de
fréquence collective du ou des filtres RF par rapport à la réponse de fréquence désirée.

18. Émetteur-récepteur sans fil selon la revendication 12comprenant en outre :

un codeur pour coder les données de transmission afin de générer un bloc de données d’entrée pour un nombre
sélectionné des échantillons de domaine de fréquence numérique ;
dans lequel le nombre sélectionné d’échantillons de domaine de fréquence numérique est basé sur un débit
de transmission désirée ;
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dans lequel une taille du modulateur excède le nombre sélectionné d’échantillons de domaine de fréquence
numérique ;
dans lequel le modulateur est configuré pour bourrer le bloc de données d’entrée pour générer un bloc de
données étendu ayant une taille harmonisée à la taille du modulateur et moduler le bloc de données étendu
pour générer le flux de signal multi fréquence modulé, et dans lequel au moins un des filtres est configuré pour
filtrer le flux de signal de fréquence modulé sur la base du nombre sélectionné de composants de fréquence.

19. Émetteur-récepteur sans fil selon la revendication 18, dans lequel l’unité de pré compensation pré compense les
échantillons de domaine de fréquence numérique en pré compensant un ou plusieurs des échantillons de domaine
de fréquence numérique du bloc de données d’entrée de sorte que la réponse de domaine de fréquence collective
de l’unité de pré compensation et du ou des filtres comprenne la seconde erreur maximale et dans lequel le modu-
lateur bourre le bloc de données d’entrée pré compensé pour générer le bloc de données étendu.

20. Émetteur-récepteur sans fil selon la revendication 12 comprenant en outre :

une unité de récepteur pour recevoir un signal depuis un dispositif distant, dans lequel le signal reçu comprend
des composants de fréquences multiples ; et
un processeur de récepteur configuré pour estimer une future réponse de canal de transmission en :

déterminant un ensemble préliminaire de paramètres de diffuseur pour un canal de réception sur la base
du signal reçu, dans lequel l’ensemble préliminaire de paramètre de diffuseur comprend un ensemble de
coefficients de diffusion pour chacun d’une pluralité de retard de trajets et dans lequel chaque coefficient
de diffusion correspond à un objet de diffusion ;
déterminant un ensemble modifié de paramètres de diffuseur pour le futur canal de transmission en calculant
des coefficients de diffusion extrapolés pour l’ensemble modifié de paramètres de diffuseur sur la base de
l’ensemble préliminaire de paramètres de diffuseur, et la fréquence et les propriétés temporelles associées
aux canaux de transmission et de réception.

21. Émetteur-récepteur sans fil selon la revendication 20, dans lequel un ou plusieurs des composants de fréquence
multiples du signal reçu ont été pré compensés au niveau du dispositif distant de sorte qu’une réponse de domaine
de fréquence collective d’une unité de pré compensation de dispositif distant et un ou plusieurs filtres de dispositif
distant comprenne la seconde erreur maximale relative à la réponse de fréquence désirée moins la première erreur
maximale.

22. Émetteur-récepteur sans fil selon la revendication 12, dans lequel les échantillons de domaine de fréquence nu-
mérique comprennent des échantillons OFDM et dans lequel le signal de transmission analogique filtré comprend
un signal de transmission OFDM analogique filtré.
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